The aim of this paper is to assess the effect on firm total factor productivity of the university research. Since the impact of universities on firms' performance is subtle and complex, we verify whether territorial context, sector and firm size may influence this relationship. Results show that university R&D does not seem to affect Italian firm productivity. However, if we consider geographical location and sector, we find that university activities have a positive effect on the performance of firms located in the North of Italy or operating in the specialised supplier sector. Several robustness checks confirm the significant role played by universities above all in the North of Italy. The policy implications of these findings are discussed.
Introduction
The important role played by universities in generating knowledge spillovers is widely recognized (Audretsch et al, 2004) . Such spillovers can arise through informal information transmission via the local personal networks of university and industry professionals, participation in conferences and presentations, or other kinds of knowledge transmissions from academia to industry (Varga, 2000) .
In this paper we investigate if the positive externalities produced by universities affect the productivity of local firms. Empirical studies that pursue similar research questions have investigated the impact of academic research on innovation (among others, see Acs et al 1992; Anselin et al, 1997; Audretsch et al, 2011; Del Barrio-Castro and García-Quevedo, 2005; Leten et al, 2011; Jaffe, 1989; Piergiovanni et al, 1997) or on regional economic growth (Carree et al, 2012; Duch et al 2011; Goldstein and Ducker, 2006) . More similar to our contribution is the study by Audretsch and Lehmann (2005) who, assessing the effect of knowledge generated by universities on the rate of growth of firms' employees, provided the "missing link" between the literature on firm growth and that studying university spillovers.
Unlike previous studies, we assess the effect of the university on firm total factor productivity (TFP). This variable is crucial especially for those countries, such as Italy, which suffer from low productivity (Istat, 2007a; OECD, 2007; Van Ark, O'Mahony e Ypma, 2007) .
The key hypothesis of our analysis is that university research, through informal channels, may generate knowledge which spills over to nearby firms fostering their productivity, even those which have no formal relationship with the university. To the best of our knowledge this is the first paper which specifically addresses the effect of university R&D spillovers on firm productivity.
We measure university research by using the total research spending by the university. As a productivity measure, we estimate TFP at firm level by employing the Levinsohn and Petrin (2003) approach and the UniCredit-Capitalia database (2008) . Firm data are combined with indicators of university research activities in the province where a firm is located. In so doing, we rely on previous research results which stress that a good deal of knowledge is embodied in people and organisations, and spatially clustered (Jaffe, 1989; Audretsch and Feldman, 1996; Anselin et al, 1997) .
We also evaluate if firm size, sector and territorial context may influence the relationship between local universities and firm productivity: in particular, whether university research effects hold uniformly across regions, whether local university spillovers could be specific to certain industries, and whether firm size matters.
Results show that university R&D does not seem to improve firm productivity. However, if we consider geographical location and sector, we find that university activities have a positive effect on the performance of firms located in the North of Italy or operating in the specialised supplier sector. Several robustness checks are performed, confirming the significant role played by universities especially in the North of Italy.
The paper is organized as follows. The following section describes data and indicators employed. We then illustrate methodology and results. The final section concludes.
Data and descriptive statistics

Firm data
Our firm-level data come from the Xth UniCredit-Capitalia survey (2008) Levinsohn and Petrin (2003) approach (see Appendix A). Marked differences emerge across different groups. Productivity appears to be higher for large enterprises, non-family firms, firms belonging to the science based sector and located in the North. Source: elaborations on data from UniCredit-Capitalia (2008)
University indicators
Past research underlines the fact that the spillover of human capital and research from universities to industry is mainly in the nature of tacit knowledge (Acs et al, 1992; Jaffe, 1989) . Tacit knowledge cannot be easily transferred over large distances or bought via the market. Jaffe (1989) and Audretsch and Feldman (1996) provided evidence that knowledge spillovers are geographically bound and located close to the knowledge source. Furthermore, Anselin et al (1997) prove that the geographical scope of knowledge spillovers is restricted to a limited number of neighbouring regions or to regions within a given maximum distance from the region of interest.
Considering the relevance of geographic proximity for tacit knowledge, we choose the province (NUTS 3 level) 2 as the territorial unit for university variables. We use data collected from 
where RDP is the cost for professors and assistant professors (from now on "researchers"), F represents the expenditure for doctoral and post-doctoral fellowships and RDDEP is R&D expenditure by departments. Specific university variables are provided by ANVUR.
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Expenditure for academic research personnel   RDP is proxied by The correlation between the ISTAT data on university R&D expenditure available at regional level and our estimates aggregated on a regional basis is very high (0.98) and this gives us confidence that the procedure used is correct.
To pool university indicator with the company dataset, the indicator is aggregated on a provincial basis 8 and then added to each company dataset based on its territorial location. The 76 universities considered are located in 49 out of the 107 Italian provinces. In particular, 37 provinces have just one university, 8 provinces have 2 universities and 1 province (Pisa) has 3 universities; a marked concentration of universities exists in the provinces of Naples (5 universities), Milan (7) and Rome (8). Source: elaborations on data from ANVUR and MIUR projects carried out by researchers and PhD students and in conferences and seminars. For example, chemists spend, on average, 56% of their working time doing research, while academics in the field of medicine spend 29%. 6 For the universities where information on postdoctoral fellowships were not available on the ANVUR Annual Survey database, we collect data at http://www.anvur.org/?q=content/rilevazioni-annuali. 7 Departmental expenditure for research activities represents 26.8% of our university R&D indicator. 8 For the multi-campus universities with an organized central campus and several peripheral ones, we refer the data to the province of the central location of the multi-campus university, since in most cases teaching activity alone is performed locally, whereas research is retained at the central location (one exception is "Università Cattolica del Sacro Cuore").
Empirical strategy and results
Empirical strategy
The baseline model considered in our analysis is the following: As regards the estimation method, since firms from the same province are likely to be more similar to each other than firms from different provinces (because of socio-economic factors for example) the assumption that the errors are independent might be violated. For this reason we control for the potential downward bias in the estimated errors by clustering firms at provincial level. The regression with the cluster option relaxes the assumption of independence and, therefore, compared with the OLS without clustering, increases the error term to accommodate the lack of independence of firms within each province.
Results
Estimates of equation [4] are reported in column (1) of Table 3 . Results show that firms in the supplier dominated sector and small firms have, ceteris paribus, a lower TFP while firms located in Northern Italy exhibit higher productivity, as already stressed by the literature (Aiello et al, 2014 , Ascari and Di Cosmo, 2005 , Byrne et al, 2009 ). Moveover, as expected, family firms are less efficient Marchionne, 2012 and Cucculelli et al, 2014) , TFP is positively affected by labour quality (Ascari and Di Cosmo, 2005; Ciccone, 2004) while intangible assets have no significant effect. As regards the specific variable of interest, we find that research carried out by 9 Cost of labour per employee should be correlated with skill intensity if more skilled workers receive higher wages. 10 Intangible assets per employee and cost of labour are deflated by considering producer price index for industrial products and consumer price index for families of workers and office workers from ISTAT, respectively. universities does not significantly affect firm TFP, confirming the difficult relationship between universities and industry in Italy (Poma and Ramaciotti, 2008) .
It is difficult to compare our results with those obtained by other contributions, since-to the best of our knowledge-this is the first paper which specifically addresses the effect of University R&D spillovers on firm productivity. within the EU-15 (Iuzzolino et al, 2011) . The key question is whether communities near universities have the capabilities to absorb and exploit the knowledge that universities generate. Even though new knowledge is generated in many places, only those regions that can absorb and apply such ideas are able to turn it into economic wealth.
Moreover, local university spillovers could be specific to certain industries: knowledge spillovers appear to be particularly relevant in sectors where new knowledge can be assumed to be of special importance (Anselin et al, 2000a; Doring and Schnellenbach, 2006) .
Finally, firm size also matters. Smaller firms do not have the resources to maintain large scale R&D departments and, therefore, spillovers from the research activities of universities could, in theory, play a more decisive role for them (Acs et al, 1994) . However, other scholars argue that large firms are more likely to have the capability to exploit university research since they employ staff with science and engineering background who are able to exploit the results of university research (Cohen et al, 2002; Laursen and Salter, 2004) .
In order to consider these aspects we have estimated equation [4] by considering geographical location, sector and firm size. Results of these estimations are reported in Table 3 as well.
When we consider the location (columns 2-3), we find that universities have a positive effect on the performance of Northern firms only: university activities seem to affect firm performance only in an industrialized context, such as the North of Italy. In more detail, for
Northern firms we observe a positive and significant impact on TFP of R&D by universities located in the same province Hence, results suggest that proximity to a university is not a sufficient condition for a significant effect on industry of academic spillovers. This is in line with the concept of "the critical mass of agglomeration" suggested by Varga (2000) according to which there is a need of a certain level of agglomeration, in particular of concentration of high technology production, in a metropolitan area in order for local academic knowledge transfers to be effective.
Furthermore, our result is supporting evidence for the conjecture that regions that already have a relatively higher productivity level and a larger stock of knowledge, as the Northern regions of Italy, absorb incoming knowledge relatively easier (Döring and Schnellenbach, 2006) . Unfortunately our results do not help us discern whether the effect of university research is greater for small-medium or large companies: the coefficients of university indicators are always not significant when we split our sample on the basis of size (columns 4-5).
As Anselin et al (2000a) for US, we do not find that academic externalities are uniform across sectors. 12 Only for the specialised suppliers, is there a positive and significant effect of university research on TFP (columns 6-9). Our findings, however, are not in line with Anselin et al (2000b) . 13 Indeed, they find an effect of university research only in the electronics sector (science based), while there is no effect for the machinery and instruments sectors (specialised suppliers).
Our findings could reflect the Italian pattern of specialisation that tends to be less "science based"
and more concentrated in the machinery sector the backbone of Italy's exports, and in traditional sectors. 
Robustness checks
We performed a number of robustness checks in order to test the stability of the results.
Theories dating back to Marshall suggest that agglomeration may result in greater firm efficiency by providing industry specific complementary assets and activities that may either lower the cost of supplies to the firm or create greater specialisation in both input and output market (Feldman, 1999) . In our case, overall agglomeration economies could also play a role since the high concentration of companies and industries in the Northern part of the country creates more capacity to exploit university products providing better infrastructure for (table 4) . This means that University R&D positively affect TFP of Northern firms only. However, we now find that University R&D has a positive and significant effect for small firms too, while the effect is never significant when we split the sample according to the Pavitt taxonomy.
We have considered whether the knowledge flows from universities located in a larger geographical context than the provincial level may also play a role in firm TFP. We have estimated eq. [4] by using university R&D indicator referring to the other provinces of the same region in which each firm is located. Results, available upon request, show that the relative coefficient is never significant. Moreover, the effect of university R&D of the province in which firm is located is once again significant for Northern firms but not for specialized suppliers.
As a further robustness check, we have also considered another indicator of university research, that is the ratio of S&T researchers to employment in the restricted industry located in the same province of each firm. Hence, we have estimated equation [4] with the inclusion of this indicator instead of University R&D. 14 Results, reported in table 5, confirm those obtained when R&D university is used: academic research positively and significantly affects productivity of Northern firms and firms in the specialized suppliers sector.
As highlighted in the seminal articles of Mansfield (1991 Mansfield ( , 1995 the higher the quality of academic research the more likely it is to contribute to industrial innovation. We have also (table 6) . From our results it seems that the higher is the quality of universities located in the province the more widespread is the effect on the firm's performance. Quality research seems to affect not only Northern firms and firms in the specialized suppliers sector, but also small firms, those located in the Centre -South, and businesses operating in the supplier dominated sector. 
Conclusion and policy implications
The relationships between university and industry have become a central concern for applied economics in the recent years. On one hand, some supporters of Open Science consider that greater commercial orientation of university research hinders the generation of positive externalities from university research to other firms, thereby inhibiting knowledge transfer, e.g.
as a result of patented research, as sponsoring companies attempt to protect their interests and increase their market power (Argyres and Liebeskind, 1998; Dasgupta and David 1994; Stern 2004 , Colombo et al, 2010 . On the other hand, other scholars agree with the so-called Triple
Helix model (Etzkowitz and Leydesdorff, 2000) and consider that greater commercial orientation may facilitate the absorption by local firms of knowledge produced by universities encouraging the latter to produce knowledge of commercial value (Di Gregorio and Shane, 2003) , as well as to become directly involved in more entrepreneurial activities, such as consultancy for industry, collaboration in new firms and participation in start-ups (Cohen et al 1998; Roberts and Malone 1996 ).
An increasing number of studies examine the effect of universities on innovation or growth, while the impact of universities on firm productivity is rarely investigated. None of these studies refers to Italy. Nevertheless, empirical evidence documenting the disappointing performance of the Italian economy highlights the role of TFP as a key factor in the decline of labor productivity in Italy over recent decades. We contribute to this debate by assessing the role of universities in fostering the productivity of Italian firms, but we are aware that these issues could be of interest for many other European countries.
Overall, results show that universities do not seem to play a significant role in improving firm productivity. Universities matter only through the mediation of other actors.
Firstly, a local context is required in which the knowledge that the universities generate can be exploited: only where there is a dynamic industrial system, as in the North of Italy, can universities have a positive effect on firm productivity. This does not mean that universities may not be able to foster economic growth of weak economies. Indeed, publicly funded research could be crucial if we are to avoid increasing the divide between areas with different levels of development. That said, clearly other policies measures are also needed in order to improve the economic context and fully benefit from the positive influence of university research.
Secondly, local university spillovers are specific to certain industries: only for the specialised supplier sector does university research have a positive effect on productivity, while there is no effect for the science based sector, which, however, is the sector where the interaction between universities and industry should be greater. Our findings could reflect the Italian pattern of specialisation that tends to be more concentrated in the machinery sector, the backbone of Italy's exports. rather than in the science based one. This result suggests a similar conclusion to the previous one: university-firm interactions are effective where sectors are able to exploit the opportunities that university research can offer.
Several robustness checks confirm these results. In particular, three robustness checks deserve more attention: the first regards the inclusion of an indicator of provincial firm agglomeration which confirms the positive results of university R&D obtained for Northern firms and, in addition, determines a positive and significant effect also for small firms, while the effect is never significant when we split the sample according to the Pavitt taxonomy. The second refers to the inclusion of another indicator of academic research, that is S&T researchers per employees in the restricted industry. In this case, the results confirm those obtained when university R&D is used. Finally, the inclusion of an indicator of the quality of university, positively affects the performance of all firms except medium-large enterprises and firms operating in the scale intensive or science based sector. University quality matters maybe because high-quality universities are likely to offer the most valuable resources and capabilities.
In a nutshell, despite the enthusiasm for university-industry links, we found that only a limited number of firms actually benefit from the presence of universities. The results do not imply that universities make no contribution to firm productivity, but rather suggest that their contribution is concentrated in certain specific geographical areas and in a few industrial sectors.
Our results contribute to the ongoing discussion on the effectiveness of academic research to enhance firm performance and to stimulate economic growth. In that sense, they can provide information to policy makers on the context in which the transfer of knowledge from universities may be effective. Policies aimed at increasing knowledge transfer from universities to businesses have, up till now, been formulated without taking regional and sectorial policies into account.
We believe, on the contrary, that it is necessary to redefine them considering the close interconnections between the different policies. Otherwise the risk is, on the one hand, to exclude certain areas and sectors from the benefits of university research and, on the other, to hold researchers to account for failings they are not responsible for. In other words, universities can carry out a complementary role, but cannot substitute policy actors at regional and sectoral level.
Appendices
Appendix A -A measure of TFP The TFP used in this paper has been estimated in Aiello et al (2012) . Before estimating the TFP, a data cleaning procedure on Unicredit-Capitalia database was carried out: firms with negative values of value added from the original archive and firms with a growth rate of value added and of employees below the first or above the ninety-ninth percentile of the distribution were eliminated. Finally, firms for which data regarding employees was not available for at least 7 years were also excluded. In order to compute the TFP at firm level, we first estimated the following log-linear specification of a production function by using Levinsohn and Petrin (2003) approach: where the term it  represents the productivity of firm i at time t and it  is a stochastic term which includes not only the measurement error, but also the shocks which are unobservable to firms, and, therefore, do not correlate with inputs.
Productivity it  is known to the firm which, therefore, in the case of positive shocks, can decide to increase production by raising the level of inputs. This determines a problem of simultaneity which Levinsohn and Petrin (2003) 
